All commercially available compounds were obtained from Sigma Aldrich and used as received except for Pd(OAc) 2 and 4,5-diazafluorenone which were donated by Eli Lilly and 6-methoxy-1H-indole which was purchased from Matrix Scientific. N-pivalyl indole 1 and 9,9'-dimethyl-4,5-diazafluorene (2) 2 were prepared according to literature procedures.
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Prepared as described above to give the desired material in 89% yield (856 mg, 2.94 mmol) as a white solid. NMR data match previously reported data.
4 1 H NMR (300 MHz, CDCl 3 ): 8.03 (s, 1H), 7.91-7.87 (m, 2H), 7.60-7.42 (m, 5H), 7.21 (dd, 1H, J = 8.7, 1.8 Hz), 6.63 (d, 1H, J = 3.9 Hz).
13 C NMR (75 MHz, CDCl 3 ) :  138.3, 135,4, 134.3, 130.9, 129.6, 129.4, 127.1, 127.0, 124.3, 122.4, 113.9, 109 .1. MP = 92-93 C.
Prepared as described above to give the desired material in 90% yield (865 mg, 2.97 mmol) as a white solid. NMR data match previously reported data. 4 1 H NMR (300 MHz, CDCl 3 ): 7.94-7.84 (m, 3H), 7.59-7.42 (m, 5H), 7.27 (dd, 1H, J = 2.1, 9.0 Hz), 6.61 (dd, 1H, J = 0.90, 3.6 Hz). 13 C NMR (75 MHz, CDCl 3 ):  138. 1, 134.2, 133.4, 132.1, 129.5, 129.4, 127.8, 126.9, 125.1, 121.2, 114.7, 108.8 . MP = 65-66 C.
Prepared as described above to give the desired material in 90% yield (852 mg, 2.97 mmol) as a white solid. NMR data match previously reported data.
5 1 H NMR (300 MHz, CDCl 3 ):  7.90-7.83 (m, 3H), 7.52 (m, 2H), 7.41 (m, 2H), 6.97-6.91 (m, 2H), 6.59 (d, 1H, J = 3.6 Hz), 3.8 (s, 3H) . 13 C NMR (75 MHz, CDCl 3 ):  156. 7, 138.4, 133.9, 131.9, 129.7, 129.4, 127.3, 126.8, 114.6, 113.9, 109.6, 103.9, 55.8 . MP = 98-99 C.
Prepared as described above to give the desired material in 92% yield (871 mg, 3.04 mmol) as a white solid. NMR data match previously reported data.
6 1 H NMR (300 MHz, CDCl 3 ): 7.88-7.84 (m, 2H), 7.53-7.51 (m, 2H), 7.46-7.37 (m, 4H), 6.86 (dd, 1H, J = 8.7, 2.4 Hz), 6.58 (dd, 1H, J = 3.6, 0.6 Hz). 13 C NMR (75 MHz, CDCl 3 ): 158. 1, 138.4, 136.0, 133.9, 129.4, 126.8, 125.2, 124.6, 121.9, 112.7, 109.3, 98.0, 55.9 . MP = 140-141 C.
General Procedure for Ligand Screening and Catalyst Optimization
To a disposable 10 mm thick-walled culture tube was added Pd (0.0075 mmol), ligand (0.00375-0.015 mmol), indole (0.15 mmol), benzene (9.9 mmol, 0.85 mL) and acid (0.90 mmol). The tubes were placed in a HEL CAT-24 pressure vessel mounted on a custom Glas-Col large capacity mixer. The vessel was sealed and placed under 11 atm of 9% O 2 in N 2 (1 atm O 2 partial pressure) and the system was heated to 120 C with shaking. After 18-24 h, the reactions were concentrated under vacuum, taken up in CDCl 3 and analyzed by 1 H NMR with tetrachloroethane as an internal standard. Table S5 as an average of two experiments.
Catalytic Oxidative Cross-Coupling Oxidative cross-coupling procedure A: A pressure tube fitted with a plunger valve was charged with Pd(TFA) 2 (10 mg, 0.030 mmol), 2 (5.9 mg, 0.030 mmol), indole (0.60 mmol), EtCO 2 H (270 L, 3.6 mmol) and arene (39.6 mmol). The tube was evacuated and backfilled with O 2 (3x), sealed and heated to 120 C for 24h with vigorous stirring. The reaction mixture was then cooled to room temperature, diluted with EtOAc and washed with sat'd. NaHCO 3 . The organic layer was separated and the aqueous layer washed with EtOAc (2x). The combined organics were dried over MgSO 4, filtered and concentrated by rotatory evaporation. The crude product was purified by silica gel column chromatography (0-3% Et 2 O in hexanes) to yield the product as a mixture of two isomers.
Oxidative cross-coupling procedure B: A pressure tube fitted with a plunger valve was charged with Pd(OPiv) 2 (9.3 mg, 0.030 mmol), 1 (5.5 mg, 0.030 mmol), indole (0.60 mmol), EtCO 2 H (270 L, 3.6 mmol) and arene (39.6 mmol). The tube was evacuated and backfilled with O 2 (3x), sealed and heated to 120 C for 24 h with vigorous stirring. The reaction mixture was then cooled to room temperature, diluted with EtOAc and washed with sat'd. NaHCO 3 . The organic layer was separated and the aqueous layer washed with EtOAc (2x). The combined organics were dried over MgSO 4, filtered and concentrated by rotatory evaporation. The crude product was purified by silica gel column chromatography (0-3% Et 2 O in hexanes) to yield the product as a mixture of two isomers. Prepared as described above by both methods A and B except that the regioisomers were separated by column chromatography. Method A: Following aqueous workup, the ratio of regioisomers was 1:4.4 (C2:C3). Purification by column chromatography yielded the 16 mg of the C2 isomer as a pale yellow oil and 69 mg of the C3 isomer as a white solid, giving a total yield of 52%. C2 138.4, 138.3, 137.6, 135.7, 134.0, 133.6, 133.1, 132.4, 130.6, 130.5, 130.4, 129.4, 129.0, 128.8, 128.7, 128.0, 127.7, 127.6, 126.9, 126.8, 125.1, 125.0, 124.5, 124.3, 123.8, 123.0, 120.8, 120.6, 116.7, 113.9, 113.8 . Method B: Following aqueous workup the ratio of regioisomers was 2.5:1 (C2:C3). After purification by column chromatography, the product was isolated in 76% yield (152 mg, 0.46 mmol) as a pale yellow solid with a 2.4:1 ratio of regioisomers (C3:C2 138.4, 138.3, 137.6, 135.7, 134.0, 133.6, 133.1, 132.4, 130.6, 130.5, 130.4, 129.4, 129.0, 128.8, 128.7, 128.0, 127.7, 127.6, 126.9, 126.8, 125.1, 125.0, 124.5, 124.3, 123.8, 123.0, 120.8, 120.6, 116.7, 113.9, 113.8 . These data match that reported for both regioisomers.
9,10 Prepared as described above by both methods A and B. Method A: Following aqueous workup, the ratio of regioisomers was 1:1.3 (C2:C3). After purification by column chromatography, the product was isolated in 71% yield (156 mg, 0.43 mmol) as a pale yellow solid with a 1:1.4 ratio of regioisomers (C3:C2 6, 138.0, 137.5, 136.7, 134.3, 134.0, 133.9, 132.4, 132.2, 131.8, 130.7, 130.5, 130.3, 129.9, 129.6, 129.2, 128.8, 128.0, 127.9, 127.7, 127.5, 126.9, 126.8, 125.4, 125.1, 124.3, 123.9, 120.5, 120.3, 117.8, 115.0, 112.8 133.9, 132.4, 131.8, 130.5, 130.4, 130.2, 129.8, 129.5, 129.2, 129.1, 128.9, 128.8, 128.0, 127.9, 127.7, 126.9, 126.8, 126.7, 125.4, 125.1, 124.2, 123.8, 120.4, 120.3, 117.7, 115.0, 112.8 8, 142.4, 138.7, 138.1, 137.6, 136.0, 134.3, 133.9, 132.6, 131.9, 131.2, 130.8, 130.6, 129.8, 129.6, 129.1, 129.0, 128.9, 128.0, 127.7, 127.5, 126.9, 125.1, 124.5, 124.2, 124.1, 123.4, 121.5, 117.4, 116.8, 114 143.2, 138.3, 137.4, 133.9, 133.6, 133.2, 133.0, 132.4, 132.1, 131.9, 130.5, 130.4, 129.9, 129.4, 129.1, 128.8, 128.7, 128.6, 128.4, 128.0, 127.7, 126.9, 124.4, 123.9, 117.9, 114.9, 114.0, 113.7, 103.4, 103.1, 55.9, 55.7 . Following aqueous workup, method B gave a 2.3:1 ratio of regioisomers (C2:C3). After purification, method B gave 71% yield of product (154 mg, 43 mmol) in a 2.8:1 ratio of isomers (C3:C2) as a white solid. 3, 157.0, 143.2, 138.3, 137.4, 133.9, 133.6, 133.2, 133.0, 132.4, 132.1, 131.9, 130.5, 130.4, 129.9, 129.4, 129.1, 128.8, 128.7, 128.6, 128.4, 128.0, 127.7, 126.9, 124.4, 123.9, 117.9, 114.9, 114.0, 113.7, 103.4, 103.1, 55.9, 55.7 .
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These data match that reported for both regioisomers.
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Prepared as described above by both methods A and B. Method A: Following aqueous workup, the ratio of regioisomers was 1:1.3 (C2:C3). After purification by column chromatography, the product was isolated in 70% yield (120 mg, 0.42 mmol) with a 1.2:1 ratio of regioisomers (C3:C2) as a white solid. 141.0, 139.6, 138.3, 137.6, 136.8, 134.0, 133.6, 133.2, 130.3, 129.4, 129.0, 128.7, 128.5, 127.9, 127.7, 127.6, 126.9, 126.8, 124.5, 124.3, 123.2, 121.7, 121.3, 121.2, 113.7, 113.6, 112.8, 101.2, 98.3, 56.0, 55.9 141.0, 139.6, 138.3, 137.6, 136.8, 134.0, 133.6, 133.2, 132.6, 132.2, 130.3, 129.4, 129.0, 128.5, 128.3, 127.9, 127.6, 126.8, 124.5, 124.3, 123.2, 121.7, 121.3, 121.2, 113.7, 113.6, 112.8, 101.2, 98.3, 56.0, 55.9 24 h with vigorous stirring. The reaction mixture was then cooled to room temperature, diluted with EtOAc and filtered through a plug of silica. GC/MS analysis was used to determine the ratio of C 6 H 6 and C 6 D 6 incorporation into the product. KIE values are the amount of C 6 H 6 incorporation/C 6 D 6 incorporation. 
Deuterium Incorporation into Indole and Benzene
To a pressure tube fitted with a plunger valve was added Pd (0.0075 mmol), ligand (0.0075 mmol), indole (38.6 mg, 0.15 mmol), benzene (852 L, 9.9 mmol) and acetic acid-d 4 (52 L, 0.90 mmol). The tube was evacuated and backfilled with O 2 (3x), sealed and heated to 120 C for 3 h with vigorous stirring. The reaction mixture was then cooled to room temperature, diluted with EtOAc and filtered through a plug of silica. GC/MS analysis was used to determine the amount of deuterium incorporation into the substrates. A similar control experiment was carried out as described above but omitted the Pd and ligand. No deuterium incorporation was observed into the indole and < 3% of the benzene had deuterium incorporation. 
